ABSTRACT: This study was conducted to determine the DE and ME content of 25 samples of corn distillers dried grains with solubles (DDGS) fed to growing pigs and to generate prediction equations for DE and ME based on chemical analysis. The 25 samples included 15 full-oil (no oil extracted; ether extract [EE] > 8%) DDGS and 10 reduced-oil (oil extracted; EE < 8%) DDGS collected from 17 ethanol plants in China. A corn-soybean meal diet constituted the basal diet and the other 25 diets replaced a portion of the corn, soy bean meal, and lysine of the basal diet with 28.8% of 1 of the 25 corn DDGS sources. Seventyeight barrows (initial BW = 42.6 ± 6.2 kg) were used in the experi ment conducted over 2 consecutive periods (n = 6 per treatment) using a completely randomized design. For each period, pigs were placed in metabolism cages for a 5d total collection of feces and urine following a 7d adaptation to the diets. Among the 25 corn DDGS samples, EE, NDF, DE, and ME content (DM basis) ranged from 2.8 to 14.2%, 31.0 to 46.6%, 3,255 to 4,103 kcal/kg, and 2,955 to 3,899 kcal/kg, respective ly. Using a stepwise regression analysis, a series of DE and ME prediction equations were developed not only among all 25 DDGS but also only within 15 fulloil groups of prediction equations revealed that separate equations for full-oil DDGS and reduced-oil DDGS each provided a better fit than a single equation for the entire set of DDGS sources. These results indi cated that the DE and ME values in corn DDGS are related to the chemical composition, primarily the EE and fiber concentrations. Specific prediction equations derived from fulloil and reducedoil DDGS are better than equations derived from the entire set of DDGS.
INTRODUCTION
Historically, corn distillers dried grains with sol ubles (DDGS) contain approximately 10 to 12% oil with a ME content similar to corn (Stein and Shurson, 2009) . However, over the past several years, the ex traction of oil from corn has led to more variation in the ether extract (EE) content of corn DDGS (NRC, 2012) . Some researchers have evaluated the DE and ME content of corn DDGS (Pedersen et al., 2007; An derson et al., 2012; Kerr et al., 2013) , but the number of reducedoil DDGS samples was usually limited.
Many factors affect the composition and nutri ent digestibility of corn DDGS. Factors include corn quality, processing method, analytical methodology, and the proportion of the solubles added back to the distillers dried grains (Spiehs et al., 2002; Martinez Amezcua et al., 2007; Liu, 2011) . Among these fac tors, the variation in composition of DDGS caused by processing technique was considered more important than the variation in corn composition (Belyea et al., 2004) . For example, the process of oil extraction dra matically changes the oil content of DDGS, which al ters the concentration of protein and fiber (Saunders and Rosentrater, 2009; Liu and Rosentrater, 2012) , thus altering the GE and DE of DDGS (Ren et al., 2011; Graham et al., 2014) . Data on the DE and ME content of reduced-oil DDGS are limited, and specific energy prediction equations have not been derived. Therefore, the objective of this study was to determine the DE and ME content of fulloil and reducedoil corn DDGS and to develop their prediction equations for growing pigs based on chemical analysis. A further objective was to determine if partitioning the data set based on oil content would increase the accuracy of the prediction equations generated.
MATERIALS AND METHODS
The China Agricultural University Laboratory Animal Welfare and Animal Experimental Ethical In spection Committee (Beijing, China) reviewed and approved all protocols used in this experiment.
Investigation of Ethanol Plants and the Collection of Distillers Dried Grains with Solubles Samples
To ensure a high variation in the nutrient content of the corn DDGS used in this experiment, a survey and investigation of ethanol plants in China was con ducted. After visiting and observing 17 ethanol plants, 25 corn DDGS samples were collected. Consideration was given to the type of processing method used, loca tion, and scale and level of technology. Division into the reducedoil or fulloil DDGS depended on process methods of the corn germ separation and grinding processes, a modified dry grind (Singh et al., 2001) or dry grind. The EE concentration (DM basis) of full oil DDGS and reduced-oil DDGS were >8 and <8%, respectively. Based on more detail of processing used, 25 samples could also be divided into 5 classes: com mon full-oil (sample 1 to 15 except 8 and 10), added hull full-oil (sample 8 and 10), partially reduced-oil (sample 24), reduced oil with part of the germ meal re moved (sample 25), and common reducedoil DDGS (sample 16 to 23). The processing information, proxi mate analysis, and AA composition of the DDGS are shown in Tables 1, 2 , and 3. The same capital letter indicates samples were collected from the same plant, and the different numbers indicate different products or different batches or treatments from these plants. 2 There were 2 or 3 products obtained from the same plant made using different distillers dried solubles to distillers dried grains (distillers dried solubles [DDS] :distillers dried grains [DDG] ) ratios, the high-solubles, lowsolubles, and moderatesolubles products were higher, lower, and in the middle for DDS:DDG ratio. The others were normal DDS:DDG ratio.
3 All other DDGS were dried by tube bundle dryer.
Animals, Diets, and Experimental Design
Seventy-eight barrows (Duroc × Landrace × York shire; initial BW for the first period was 42.6 ± 6.2 kg and for the second period was 50.6 ± 10.6 kg) were in dividually housed in stainlesssteel metabolism crates (1.4 by 0.7 by 0.6 m) at the Fengning Swine Research Unit of China Agricultural University (Hebei, China). The experiment was conducted over 2 consecutive pe riods and each period included a 7d adaptation fol lowed by a 5d total collection of feces and urine. The marker to marker method for fecal collections was not used as the color changes in feces were hard to recog nize and presented a challenge to accurately manage with 78 pig collections at the same time. Instead, feed intake of pigs were recorded daily and provided at a constant amount based on consumption and feed re fusals of pigs recorded during the last 2 d of the adap tion and 5 d of collection periods. The 26 experimental diets included a corn-soybean meal basal diet and 25 corn DDGS test diets (fed to 3 barrows in each period for a total of 6 replicates per diet). The corn DDGS test diets were formulated to contain 28.8% DDGS, which replaced 30% weight (as-fed basis) of the energy sup plied from corn, soybean meal, and llysine HCl in the basal diet (Table 4 ). All diets and pigs were used in a completely randomized design to determine the DE and ME content in the corn DDGS samples.
Barrows were provided ad libitum access to wa ter and were fed a daily amount of feed equivalent to 4% of BW determined at the beginning of each period, divided equally into 2 feedings provided at 0800 and 1600 h. The amount of feed provided was recorded at each feeding time. Orts were removed and weighed at each meal and daily feed consumption was calculated. The room temperature was maintained at 22 ± 2°C to meet the environmental needs of the pig.
Sample Collection
Samples of diets and ingredients were collected and stored at -20°C until needed for analysis. During the 5d collection period, with the assistance of 5 tech nicians, all feces were quickly collected into plastic bags and stored at -20°C. At the end of each period, the 5 d of fecal production from each pig were pooled and weighed and a 300-g sample was taken and dried in a forced-draft oven at 65°C for 72 h. After drying and grinding, subsamples were stored at -20°C for further chemical analysis.
Total urine was collected into plastic buckets at tached to funnels located under the metabolism cages at the same time as the fecal collection. Approximately 50 mL of 6 N HCl were added to the buckets to limit mi crobial growth and reduce loss of ammonia. Urine vol ume was recorded daily and a subsample of 10% of the urine excreted from each pig was collected and stored at -20°C. At the end of the collection period, urine sam ples were pooled for each pig and a subsample (about 45 mL) was saved for further analysis. Urine samples (4 mL) were dried at 65°C for 8 h with quantitative filter paper in crucibles for energy determination. Two unal tered sheets of quantitative filter paper from each box were used to calibrate the energy content of the paper. and a fiber analyzer (ANKOM 200 Fiber Analyzer; Ankom Technology) after an adaptation of the pro cedure as described by Van Soest et al. (1991) . The concentration of NDF was analyzed using heatsta ble α-amylase and sodium sulfite without correction for insoluble ash. The GE of feces, urine, diets, and corn DDGS samples were measured using an Auto matic Isoperibol Oxygen Bomb Calorimeter (Parr 1281 Calorimeter; Parr Instrument Co., Moline, IL). Total starch was obtained using method 7613.01 of the American Association of Cereal Chemists (1976), conducted using the Starch Assay Kit (STA20; Sigma Aldrich, St. Louis, MO).
Chemical Analysis
Amino acids in corn DDGS were analyzed ac cording to the AOAC International (2005; method 151 982.30). Samples were hydrolyzed with 6 N HCl at 110°C for 24 h and analyzed for 15 AA using an Amino Acid Analyzer (Hitachi L-8900; Hitachi, Ltd., Tokyo, Japan). Methionine and Cys were determined as methionine sulfone and cysteic acid after cold per formic acid oxidation overnight and hydrolyzing with 7.5 N HCl at 110°C for 24 h using an Amino Acid Ana lyzer (Hitachi L-8800; Hitachi, Ltd.). Tryptophan was determined after LiOH hydrolysis for 22 h at 110°C using HPLC (Agilent 1200 series instrument; Agilent Technologies Inc., Santa Clara, CA).
Calculations
Gross energy intake was calculated as the prod uct of the GE content of the diet and the actual feed intake over the 5-d collection for each period. The en ergy lost in feces and urine were measured for each diet and the DE and ME values of the 26 diets were calculated. The DE and ME content in the corn-soy bean meal basal diet was divided by 0.969 to calculate the DE and ME in the energycontributing ingredients (corn, soybean meal, and crystalline lysine) accord ing to Widmer et al. (2007) . By subtracting the DE and ME value contributed by the energycontributing ingredients in the basal diet, the DE and ME values contributed by each DDGS was calculated according to the difference method (Adeola, 2001 ).
Statistical Analysis
Normal distribution and equal variances of the data were determined using the UNIVARIATE procedure of SAS (9.0; SAS Inst. Inc., Cary, NC) but no outliers were found. Data were analyzed by ANOVA using the MIXED procedure of SAS with individual pig as the experimental unit. The statistical model had treatment as fixed effects and period as a random effect. The proximate chemical composition, GE, DE, and ME of DDGS were correlated using PROC CORR of SAS.
Prediction equations for DE and ME in DDGS were developed using PROC REG of SAS. Stepwise regression was used to determine the effect of differ ent chemical constituents on DE and ME. Variables with P-values ≤ 0.15 were retained in the model. The R 2 , SE of the estimate, SE, and Mallows' statistic [C(p)] were used to define the best fit equations. If the P-value of intercept was nonsignificant (P > 0.15), the NOINT option (to fit a model without an intercept term) in regression was adopted. The sum of squared residuals (Q) were calculated and used to assess the accuracy of the equations developed by the entire set of DDGS as well as the 2 subdivisions of DDGS, re spectively (fulloil and reducedoil DDGS), and the smaller Q was considered superior (Allen, 1971) .
RESULTS AND DISCUSSION

Chemical Composition of Distillers Dried Grains with Solubles
As expected, the proximate (Table 2 ) and the AA composition (Table 3 ) of the corn DDGS were quite variable. The DM content of the 25 samples averaged 88.58%, with a range from 86.49 to 90.41%. On a DM basis, the concentrations of CP, EE, starch, NDF, ADF, hemicellulose (HC), Ca, P, ash, and GE averaged 32.17% (28.46 to 36.84%), 8.63% (2.82 to 14.18%), 11.58% (5.26 to 16.27%), 7.40% (5.64 to 9.86%), 37.17% (31.03 to 46.64%), 11.59% (8.84 to 14.51%), 25.58% (21.44 to 32.88%), 0.09% (0.01 to 0.19%), 0.75% (0.33 to 1.01%), 5.43% (2.87 to 9.07%), and 5,109 kcal/kg (4,762 to 5,371 kcal/kg), respectively.
The extent of the variation in DDGS chemical composition in this study was similar to or greater than the extent of the variation in the composition of corn DDGS average values listed by the NRC (2012) and other DDGS energy prediction research for grow ing pigs (Pedersen et al., 2007; Anderson et al., 2012; Kerr et al., 2013) . One reason for the greater variation in the composition of samples in the present study may be the extensive and detailed investigation of the etha nol plants conducted before the start of the study and the collection of samples based on differences in pro cessing, location, yield, and level of technology. As a result, there were "common" samples and "excep tional" samples, which led to greater variation among DDGS sources, which is needed to develop robust prediction equations. The plants that produced the 25 corn DDGS samples used at least 5 different process ing techniques as shown in Table 1 .
Oil extraction resulted in a large variation (CV = 43.75) in EE content ranging from 2.82 (sample 22) to 14.18% (sample 6) among samples (Table 2) . Remov ing the oil resulted in the trend to increase the concen tration of other constituents in DDGS, except for sever al exceptional samples, and these agree with published research, such as protein (Belyea et al., 2010) and NDF (Jacela et al., 2011) . The fiber and ash content of sam ple 8 was greater than sample 9, although both samples were collected from the same plant. The differences may be attributed to a special process for adding the corm hull and solubles for sample 8. Additions of corn hulls may also explain the results of the greatest NDF concentration in sample 10 among all DDGS samples. Removing part of the germ meal (sample 25), known to contain a high level of fiber (54.41% NDF, as-fed basis, as reported by Weber et al., 2010) , significantly reduced the fiber content compared with the average for the other reducedoil DDGS.
The amount of condensed distillers solubles added back to the wet distillers grains is another important factor affecting the chemical composition of DDGS such as its EE content (Kingsly et al., 2010) . In the cur rent study, there were 3 "paired samples," which came from the same plant at the same time, using different ratios of wet distillers grains to condensed distillers sol ubles (distillers dried grains to distillers dried solubles). From a lowsolubles to a highsolubles ratio (sample 1 vs. 2, 16 vs. 17 and 18, and 20 vs. 21), the ash, Ca, and P concentrations were increased. Ether extract and GE content of DDGS sample 2 were increased more than DDGS sample 1. These results are in agreement with the data of distillers dried grains and distillers dried solubles from the NRC (1998, 2012) and Kingsly et al. (2010) . However, for the reducedoil samples, EE and GE concentrations were similar between the low soluble ratio and highsoluble ratio samples of DDGS, which may be due to the relatively low oil content in the distillers solubles after oil extraction.
The concentrations of most AA (Table 3) 
Energy Content of Distillers Dried Grains with Solubles
The substantial variation in nutrient composition of corn DDGS sources led to variation in the DE and ME content as shown in Table 5 . The DE concentra tions varied from 3,255 (sample 8) to 4,103 (sample 2) kcal/kg DM and the range in ME concentrations varied from 2,955 (sample 8) to 3,899 (sample 9) kcal/ kg DM, respectively.
The differences in DE and ME values among the 5 classes of DDGS (as described in the Materials and Methods) were due to differences in their chemical composition (mainly based on EE and fiber) and pro cessing methods. All common fulloil DDGS (sam ples 1 to 15 except 8 and 10) had greater DE and ME concentrations than the common reducedoil DDGS (samples 16 to 23). Samples 8 and 10 DDGS were produced by adding the hull with solubles or the hull alone and, therefore, resulted in the lowest DE and ME values among the fulloil DDGS. However, partially reducedoil DDGS (sample 24) and reduced oil with part of the germ meal removed DDGS (sample 25) had greater DE and ME than the other reducedoil DDGS due to their relatively high oil content and the removal of the germ meal, which has a relatively low energy and high fiber content. Therefore, before development of a credible DE and ME prediction equation, a DDGS sample should be classified based on chemical compo sitional analysis and processing methods. In the NRC (2012), corn DDGS chemical com position was classified by oil (EE, as-fed basis) con tent to represent sources with >10% oil (high oil), 6 to 9% oil (medium oil), and <4% oil (low oil). Cor respondingly, the mean DE and ME content was listed as 4,053 (n = 16; SD = 166; asfed basis), 4,009 (n = 3; SD = 161; as-fed basis), and 3,687 (n = 2; SD = 269; as-fed basis) kcal/kg DM and 3,845 (no n and SD), 3,801 (no n and SD), and 3,476 (no n and SD) kcal/kg DM. If these values are compared with common full oil DDGS, partially reducedoil DDGS, and common reducedoil DDGS from the current study based on their similar EE content, the DE and ME mean values of the NRC >10% oil DDGS are about 200 kcal/kg DM greater than the average value of common fulloil DDGS but within the range of the maximum to mini mum values. The NRC <4% oil DDGS DE and ME mean values were greater than common reducedoil DDGS by 223 and 260 kcal/kg DM, respectively, and both were beyond the maximum values for the com mon reduced-oil DDGS. However, for the 6 to 9% oil DDGS, the DE (4,009 vs. 3,955 kcal/kg DM) and ME (3,801 vs. 3,798 kcal/kg DM) values were approxi mately the same as values for partially reducedoil DDGS, respectively.
Most of the corn DDGS samples used in previ ous studies were highoil (no oil extracted) DDGS and similar to the common fulloil DDGS of the cur rent study. Pedersen et al. (2007) reported DE and ME ranging from 3,947 to 4,593 kcal/kg DM and from 3,674 to 4,336 kcal/kg DM, respectively, whereas the EE of the DDGS ranged from 9.59 to 14.25% DM.
Stein et al. (2009) evaluated 4 DDGS in which the
EE of the DDGS ranged from 10.91 to 14.15% DM and the DE ranged from 3,920 to 4,252 kcal/kg DM and the ME ranged from 3,575 to 3,976 kcal/kg DM, which were slightly greater than the range of DE and ME in common fulloil DDGS obtained in our study. In the study of Anderson et al. (2012) , the DE of the 6 normal high-oil DDGS (EE from 10.16 to 12.10% DM) and 1 oil-extracted DDGS (EE = 3.15% DM) of DE ranged from 3,705 to 4,332 and 3,868 kcal/kg DM whereas the ME ranged from 3,414 to 4,141 and 3,650 kcal/kg DM, which were greater than the ranges of DE and ME content for common fulloil and common reducedoil DDGS found in our study.
In a former study from our lab conducted by Ren et al. (2011), there were 5 corn DDGS samples that corresponded with common fulloil DDGS (normal oil DDGS 1 and 2), partially reducedoil DDGS (normal oil DDGS 3), reduced oil with part of germ meal re moved DDGS (lowoil DDGS beverage ), and common reducedoil DDGS (lowoil DDGS ethanol ) and the EE of DDGS ranged from 3.17 to 11.59% DM. Their find ings were similar to those obtained in the current study (in the range of corresponding type of DDGS) except for the ME of lowoil DDGS beverage (2,896 kcal/kg DM), which was less than the average value of com mon reduced-oil DDGS (3,216 kcal/kg DM).
The DE and ME average values obtained in the current study for common fulloil DDGS are greater by about 200 kcal/kg (3,838 vs. 3,653 kg/kg DM DE and 3,838 vs. 3,455 kg/kg DM ME) DM than the highoil (EE > 9%) DDGS of samples reported by Kerr et al. (2013) . Although some of the ME values in this study were in close agreement with values reported by Kerr et al. (2013) , the DE ranged from 3,500 to 3,829 kcal/ kg DM and the ME ranged from 3,266 to 3,604 kcal/ kg DM of the reduced-oil DDGS (EE < 9%, as-fed ba sis) in the study by Kerr et al. (2013) and were greater than common reducedoil DDGS but were within the range of the partially reducedoil DDGS and the com mon reducedoil DDGS. However, all DE values of the reducedoil DDGS in the current study were great er than the DE value (3,100 kcal/kg DM; EE = 4.56% DM) reported by Jacela et al. (2011) .
Many factors may cause differences in DE and ME content of DDGS observed between the current experi ment and past studies. Li (2013) suggested that digest ibility estimates were lower using the index method compared with the total collection method when mark er recovery was below 100%. In the current study, the total collection method was used because it was used in the studies of Pedersen et al. (2007) , Ren et al. (2011) , Anderson et al. (2012) , and Kerr et al. (2013) . In con trast, used the indicator method.
The techniques used for chemical analysis can also affect digestibility results (Mendoza, 2013) . As fiber and fat content are principle factors affecting the energy content of feeds, differences in the methods used for their analysis could affect the determination of DE and ME. The chemical analysis of Ren et al. (2011) were conducted in the same laboratory as the present experi ment and the techniques used by Kerr et al. (2013) were identical to those used in the present study. The studies of ), Andersen et al. (2012 , and Peder sen et al. (2007) used a different set of analysis for EE and fiber than those used in the present experiment, but the effects of differences in analytical techniques on the determination of DE and ME values is not known.
The oil extraction process methods used to pro duce the DDGS differed among studies. In the stud ies by Jacela et al. (2011) and Anderson et al. (2012) , oil was removed by solvent extraction from DDGS. The process used to produce reducedoil corn DDGS in Kerr et al. (2013) was the centrifugation technol ogy. In this study, the oil of all reducedoil DDGS was extracted from germ meal. Despite the differences of corn and other factors, these methods of oil extraction and corresponding processes may lead to the differ ences of nutritional characteristics and available en ergy among DDGS sources. The oil content and di gestibility values may also be affected by the methods applied to thin stillage, wet cake, and germ process ing; however, no information has been reported, to our knowledge, on these methods.
The digestibility of EE could influence the differ ence of DE and ME content. In Kim et al. (2013) , the true ileal digestibility and true total tract digestibility of acid-hydrolyzed EE in DDGS was 62.1 and 51.9%, respectively, which was lower than the apparent total tract digestibility of EE (66.7 to 77.1%) reported by and lower than the estimate of true ileal digestibility (78.6%) and true total tract digest ibility (84.1%) of intact corn fat (in corn coproducts) reported by Kil et al. (2010) .
The processing methods, analytical methods, and animal experiments are interrelated and not consistent across studies. Therefore, differences reported among studies may not be explained.
Correlation Analysis
Correlation coefficients (r) between chemical characteristics and the GE, DE, and ME content of the 25 DDGS samples are shown in Table 6 . In the 25 corn DDGS samples, fibrous compounds, especially NDF, had a high negative correlation with DE content (r = -0.77, P < 0.001) and ME content (r = -0.76, P < 0.001). Although the correlation coefficients were less than those for NDF, the other 2 fibrous compounds (ADF and HC) also had significant negative correla tions with DE and ME. Fibrous compounds also had a high correlation among themselves. These relation ships are logical and agree with the results of Noblet and Perez (1993) and Zijlstra et al. (1999) , who re ported that dietary fiber had a high correlation with the DE of complete diets and wheat diets, respectively.
Ether extract had significant positive correlation with GE content (r = 0.92, P < 0.001) and was moder ately correlated with DE (r = 0.55, P < 0.01) and ME content (r = 0.54, P < 0.01). These results are easy to understand because lipids contain approximately 2.25 times the energy of carbohydrates and CP. Gross ener gy had a high correlation with DE (r = 0.64, P < 0.001) and ME (r = 0.65, P < 0.001) content. The greatest correlation was found between DE and ME (r = 0.97, P < 0.001). These results are similar to Anderson et al. (2012) and Kerr et al. (2013) .
Digestible Energy and ME Prediction Equations
Prediction equations have been widely used to de termine the DE and ME values for pigs fed complete diets (King and Taverner, 1975; Noblet and Perez, 1993; Le Goff and Noblet, 2001 ) and individual ingre dients (Fairbairn et al., 1999; Anderson et al., 2012; Park et al., 2012) . The use of such equations poten tially reduces the need for lengthy and expensive me tabolism trials, improves the accuracy of estimating (Powles et al., 1995) but depends on the robustness of the predic tion equations (Urriola et al., 2014) . Pedersen et al. (2007) , Anderson et al. (2012) , and Kerr et al. (2013) have conducted experiments to de termine the DE and ME content of various samples of corn DDGS and developed prediction equations using chemical analysis to estimate DE and ME content. In the above studies, most of the experiments were based on DDGS samples without oil extraction (EE > 9% DM) or include assessments of few reducedoil sam ples. For example, there was only 1 sample reported by Anderson et al. (2012) and only 1 sample (3 low oil samples in Exp. 1 but not used for equation) used in the equation of Kerr et al. (2013) that were oil ex tracted DDGS (EE < 9% DM), so it is likely that the equations that they developed from almost full-oil DDGS are suitable for fulloil DDGS but may be not adequate for oil-extracted DDGS.
The best prediction equations for DE and ME in corn DDGS are presented in Tables 7 and 8, respec tively, and the stepwise regression equations for the entire set of 25 DDGS, 15 fulloil DDGS, and 10 re ducedoil DDGS are shown in each table. The Q was used to compare the prediction accuracy between the whole DDGS equations and the subdivision equations.
In Table 7 , the initial variables included in the 3 regression models are different, as both the 25 DDGS and 10 reducedoil DDGS data sets used NDF but the model for the 15 fulloil DDGS data set used ADF. 1 Equations based on analyzed nutrient content expressed on DM basis. Units are kilocalories per kilogram DM for GE and DE and percentages for NDF, ash, ADF, hemicellulose (HC), and CP.
2 SE = SE of the regression estimate defined as the root of the mean square error; an adjusted R 2 was calculated using the NOINT option (to fit a model without an intercept term) of SAS (SAS Inst. Inc., Cary, NC) in only the final equation when the intercept was excluded from the model (P > 0.15); C(p) = Mallows' statistic; Q (full oil) = sum of squared residuals of 15 full-oil samples; Q (reduced oil) = sum of squared residuals of 10 reduced-oil samples.
3 SE and P-values of the corresponding regression coefficient.
The secondary and tertiary variables were also differ ent depending on data set, as these were GE and ash for the 25 DDGS, GE and HC for the 15 fulloil DDGS, and CP for the 10 reducedoil DDGS, respectively. The best fit equations for the 25 DDGS (Eq. Q (reduced oil) of the 10 reduced-oil DDGS equa tion (36,057) was lower than the Q (full oil) of the 25 DDGS equation (241, 630) and less than the Q (re duced oil) of the 25 DDGS equation (60, 473) , which indicates that the partitioned DE prediction equations would be better than the equations developed from the entire set of DDGS.
At this time, relatively few studies have been com pleted regarding corn DDGS DE prediction equations for growing pigs. In the study of Kerr et al. (2013) , the best equation was DE (kcal/kg DM) = 1,601 -[54.48 × % total dietary fiber (TDF)] + (0.69 × % GE) + (731.5 × BD) (R 2 = 0.91, SE = 41.25), similar to Eq. [3] and Eq.
[6] in our study, which included NDF, GE, ADF, and HC as predictors. The best practical equation in Kerr et al. (2013) was DE (kcal/kg DM) = 3,343 -(73.15 × % ADF) + (2,276 × BD) (R 2 = 0.76, SE = 61.81), which is similar to our Eq. [6], in which ADF was the most im portant component to predict DE. In another study con ducted by Pedersen et al. (2007) , 4 DE prediction equa tions were reported, such as DE (kcal/kg DM) = -9,929 -(180.38 × ash) -(106.82 × EE) -(120.44 × ADF) + (3.202 × GE) (R 2 = 0.96). Anderson et al. (2012) re ported the prediction equations for DE of 20 corn co product samples, including 6 normal highoil DDGS and 1 oil-extracted DDGS, and the best fit equation was DE (kcal/kg DM) = -7,471 + (1.94 × GE) -(50.91 × EE) + (15.20 × total starch) + (18.04 × OM digest ibility) (R 2 = 0.90, SE = 227) and the best practical equation (using NDF instead of TDF and deleting total starch and in vitro OM digestibility from the model) was DE (kcal/kg DM) = -2,161 + (1.39 × GE) -(20.70 × NDF) -(40.30 × EE) (R 2 = 0.77, SE = 337), and the variables in the latter equation were comparable and were very similar to those in our equations, especially for the Eq. [3]. In a cross-validation of energy predic tion equations by Urriola et al. (2014) , the most precise (prediction error = 144) and accurate (bias = 19) DE equation was DE (kcal/kg DM) = -2,161 + (1.39 × GE) -(20.7 × NDF) -(49.3 × EE), which was developed using the 15 DDGS data (including 4 DDGS of Exp. 1 and 11 DDGS in Exp. 2) in Kerr et al. (2013) .
From the above studies and our data, GE always had a positive correlation with DE if the GE were in cluded in the equation; the reason might be the high correlation between GE and lipids. Kerr et al. (2013) indicated that EE maybe a good predictor of GE but less important than ADF or TDF for predicting DE and ME content in DDGS. However, Urriola et al. (2014) suggested that concentration of GE was dependent on concentration of EE but the concentration of EE was a poor single predictor of the concentration of GE. Our results indicates that EE is a primary predictor of GE and often the secondary or tertiary predictor of DE and ME when GE is removed from regression model (data not shown) in this study; the possible reason may be that more reducedoil DDGS samples were included than in other studies and the differences between full oil and reducedoil DDGS founded in this study.
Nearly all fiber measures (e.g., TDF, NDF, ADF, and HC) have a negative correlation with DE and were the most important predictors, which is not surprising because many studies have reported that dietary fiber is likely the primary reason for the variation in DE val ues among diets (Noblet and van Milgen, 2004) and has a large impact on energy digestibility (Fernández and Jørgensen, 1986; Chabeauti et al., 1991) .
Some researchers such as Just (1982) recommend ed using ME rather than DE as the energy unit and using regression or multiple regression equations to predict biological values and utilization of feeds and diets. Hence, a series of prediction equations was gen erated for the ME content of corn DDGS (Table 8) . Most variables in the equations were similar to those used in the DE equations in Table 7 . The best fit equa tion (Eq. There are some differences between the equations for the 15 full-oil DDGS (Eq. [7] ) and the 10 reducedoil DDGS (Eq. [10]). For example, EE was included in Eq. [7] but not in Eq. [10] , and CP had a negative in fluence on the ME of full-oil DDGS but had a positive effect on the ME of reducedoil DDGS. We speculate that a possible reason was that the content and range of EE in fulloil DDGS were higher than that of reduced oil DDGS and, therefore, EE had more influence on ME equations of full-oil DDGS than the reduced-oil DDGS. Interestingly, CP became the secondary most important predictor only in the reduced-oil DDGS Eq.
[10] followed by NDF and could increase the R 2 no ticeably (from 0.74 in Eq.
[8] to 0.91 in Eq. [9] ). This was probably due to the content and the difference of EE being relatively small and the concentration and difference of CP being relatively high (30.69 to 36.84% DM), so that CP became more important for determining the ME value of reducedoil DDGS.
We also compared the accuracy of the 3 groups of prediction equations. Similar to the trend for DE, Q (full oil) of the 15 full-oil DDGS ME equation (101, 411) and Q (reduced oil) of the 10 reducedoil DDGS ME equation (44,581) were less than Q (full oil) of the 25 DDGS equation (257, 964) and Q (reduced oil) of the 25 DDGS equation (72, 441) . The evaluation of accu racy of DE and ME prediction equations are important. In a recent study, Urriola et al. (2014) used the correla tion coefficient (R 2 ) to evaluate the association of the predicted values calculated from each equation with published experimentally determined values, predic tion error, and prediction bias to measure the precision and accuracy of prediction, respectively. Animal vali dation experiments of prediction equations are impor tant, but to our knowledge, such experiments have not been reported with DDGS ingredients.
In conclusion, the results from the current experi ment indicate that the DE and ME in corn DDGS vary considerably among samples. The DDGS should be classified into at least 2 classes as full-oil and reducedoil DDGS. Their energy content can be accurately pre dicted from their concentrations of NDF, GE, EE, ash, CP ADF, and HC. Reducedoil corn DDGS has its own nutritional character with relatively low EE and rela tively high fiber and CP. Therefore, reduced-oil DDGS has a lower DE and ME than the fulloil DDGS. so prediction models made from highoil DDGS may not be suitable for reducedoil DDGS. From this study, we found that specific prediction equations derived from full-oil and reduced-oil DDGS are better than equa tions derived from the entire set of DDGS.
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